Benthic diatoms are an indispensable link of the water ecological system in terms of energy flow and material cycling, and they directly or indirectly reflect the status of the water environment. We sampled benthic diatoms and environmental factors from April to May of 2013 from 53 sites along the Ying River to study their application in local water trophic status assessment, with a focus on the dominant benthic diatom species, their composition and distribution pattern, and the relationship between benthic diatoms and environmental factors. A total of 370 species and varieties were identified, belonging to 56 genera and six orders. The dominant species were as follows: Nitzschia inconspicua Grunow, Achnanthidium minutissimum (Kützing) Czarnecki, Navicula aitchelbee L. L. Bahls, Nitzschia palea (Kützing) Smith, Cyclotella meneghiniana Kützing, Navicula submuralis Hustedt and Mayamaea atomus (Kützing) Lange-Bertalot. The Ying River was divided into five orders using the Strahler method and three regions according to total nitrogen, total phosphorus and ammonia nitrogen. In region Y-1, which had the lowest nutrient level, the dominant species was Achnanthidium minutissimum. In region Y-2, which had the highest nutrient level, Navicula aitchelbee, Nitzschia palea, and Cyclotella meneghiniana were dominant, while in region Y-3, which had moderate nutrient levels, Nitzschia inconspicua was dominant. Pearson's correlation analysis and canonical correspondence analysis (CCA) revealed a significant correlation between the environmental factors with dominant species and diatom indices (especially the SPI). Our study indicates that dominant species and diatom indices can, to some extent, indicate the environment, especially nutrient distribution.
Introduction
Diatoms are a valuable tool in water quality assessment and monitoring because of their wide geographic distribution, well studied ecology, ease of collection and sensitivity to physical, chemical and biological changes in water [1] [2] [3] [4] [5] [6] .
Benthic diatoms, located at the beginning of the food chain in the ecosystem, are important regulators in fresh water by absorption, adsorption, oxidation and decomposition, precipitation and storage of nutrients [7] [8] [9] [10] [11] [12] [13] [14] [15] . Benthic diatoms have become an essential part of water ecological status monitoring in the last decade in many countries, especially in Europe [16] [17] [18] .
There is a long history of developing diatom-based indices since the first system was created by Kolkwitz & Marsson [19] . Indeed, more than 20 indices were developed from 1975 to 2015, with the most popular ones being of the following types: indicators of humic degree, such as the Sládeček index (SLA, the Czech Republic [20] ); indicators of trophic level, such as the Trophic Diatom Index (TDI, United Kingdom [21] ), the Eutrophication Pollution Index using Diatoms (EPI-D, Italy [22] ), and the Schiefele-Schreiner Diatom Index (SHE, Germany [23] ); indicators of water pollution, such as the Specific Polluosensitivity Index (SPI, France [24] ), the standardized Biological Diatom Index, (BDI, France, [25] ), the Generic Diatom Index (GDI, France, [26] ), and the European Economic Community Index (CEE, Europe [27] ).
However, there is evidence that diatom metrics or indices developed in one geographic area are less successful when applied in other areas [3, 28] . This is due not only to differences in flora among regions but also environmental differences [29] , which modify species responses to water-quality characteristics [3] .
The Ying River, the largest tributary in the left bank of the middle reaches, is the key water ecosystem of the Huaihe River Basin, which runs from the northwest to the southeast. The tributaries of the Ying River are numerous and change greatly. This river has historically been important for shipping and agricultural irrigation. There have been a large number of water-conservation facilities constructed on the river since the 1950s, and there are three large reservoirs in the upper reaches of the river. With the development of industry and increasing population density, water quality is decreasing, which is posing a direct threat to aquaculture and residents' lives. Because of its diverse environmental status, the Ying River is an ideal system for ecological assessment.
Therefore, this study was conducted to investigate the application of benthic diatoms in water trophic status assessment and to attempt to evaluate whether the diatom index is suitable for the diatom community growing under special geographical conditions, such as those that occur in the Ying River, which may be more practical and convenient for routine monitoring and management.
Materials and Methods

Study Region and Sampling Sites
The Ying River (34 • 20 -34 • 34 N, 112 • 45 -113 • 15 E), which is about 36,651 km 2 with a total length of 561 km, is located in a warm temperate zone of an area with a semi-humid continental climate that has a mean annual temperature of 14-16 • C and a mean annual precipitation of 770 mm.
A total of 53 sites were sampled from April to May in 2013. The selected sites cover the major tributaries of the river network and the main-stem river ( Figure 1 ).
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Materials and Methods
Study Region and Sampling Sites
The Ying River (34°20′-34°34′ N, 112°45′-113°15′ E), which is about 36,651 km 2 with a total length of 561 km, is located in a warm temperate zone of an area with a semi-humid continental climate that has a mean annual temperature of 14-16° C and a mean annual precipitation of 770 mm.
A total of 53 sites were sampled from April to May in 2013. The selected sites cover the major tributaries of the river network and the main-stem river (Figure 1 ). 
Sampling and Measurement Procedures
Samples were collected from about 0.5 m below the surface of the water with an organic glass hydrophore. Ambient water-quality parameters, including dissolved oxygen (DO), pH, conductivity (Cond), water temperature (WT), turbidity (Turb), salinity (Sal) and other environmental factors were measured using a portable multi-probe (SEBA MPS-K-16, GmbH & Co. KG, Kaufbeuren, Germany) outside the dosing facility before and after the experiment. Water transparency (SD) was measured based on the Secchi depth. We also collected and preserved water samples from each location for nutrient analysis. Total nitrogen (TN) and total phosphorus (TP) were analyzed based on the standard methods (GB11894-89; GB11893-89), while chemical oxygen demand (COD) was determined by the high potassium acid index method.
The benthic diatom samples were collected from representative habitats (such as stone, aquatic plants, etc.) of specific areas using a brush to scrape the samples into the white porcelain plate to form mixed samples. Next, pure water was added to give a final volume of 100 mL in a plastic bottle, and then 4 mL formaldehyde was added. Following complete mixing, 0.1 mL of the concentrated sample was counted directly in a 0.1 mL counting chamber under a microscope at 400× magnification. Each sample was counted three times, after which the average value was taken. Hydrogen peroxide treatment and preparation of permanent slides mounted in Naphrax™ were conducted according to the European Standard EN 13946 (2003) . For scanning electron microscopy (SEM), part of the material was also mounted on glass stubs and then coated with gold palladium. Diatoms were observed and identified at the lowest taxonomic level possible using a Nikon 80i multi-function microscope at 1000× magnification, and a minimum of 600 diatom valves were counted on each slide [30] [31] [32] [33] [34] .
Data Analysis
Diatom dominance in this area was calculated using the Mcnaughton Index, Y [35] .
Y is dominance, N is the number of all benthic diatoms in the samples, ni is the number of benthic diatom i, fi is the frequency of the species i appearing at each sampling point. The diatom index SPI and GDI were calculated as the following equations:
The two indices are based on a modified version of the Zelinka & Marvan equation [36] , where A j /A i is the relative abundance of the species j/i, V j /V i is its indicative value (1 ≤ V j /V i ≤ 3) and I j /S i its pollution sensitivity (1 ≤ I j /S i ≤ 5). The values range from 1 to 20, with SPI/GDI ≥ 16 indicating zero pollution or low eutrophication, 13.5 ≤ SPI/GDI < 16 indicating moderate eutrophication, 11 ≤ SPI/GDI < 13.5 indicating moderate pollution or heavy eutrophication, 7 ≤ SPI/GDI < 11 indicating high pollution and SPI/GDI < 7 very heavy pollution.
The SPSS 19.0 software was also used for statistical analysis, and the Canoco 4.5 software was employed for canonical correspondence analysis (CCA). Arcgis and other software were used for charts.
Results and Discussion
Benthic Diatom Assemblages
A total of 370 species and varieties of diatoms belonging to six orders and 56 genera were identified. In the investigation, Navicula, Nitzschia, Gomphonema and Achnanthidium were abundant, being represented by 71 (19.19%), 49 (13.24%), 46 (12.43%) and 37 (10.00%), species number in each genus of the total 370, respectively. The dominant species were Nitzschia inconspicua, Achnanthidium minutissimum, Navicula aitchelbee, Nitzschia palea, Cyclotella meneghiniana, Navicula submuralis and Mayamaea atomus. Among these, Achnanthidium minutissimum indicated the distribution of low nutrition water in the Ying River, while Nitzschia palea, Nitzschia inconspicua and Navicula aitchelbee were indicative of eutrophication status [37] [38] [39] . The species number of other genera was between 1 and 14 (0.27-3.78%). The composition of each sampling site ranged greatly from 14 to 60 species, with the richest appearing in both SR-5 and BRR-6 (60 species) and the fewest in SYR-4 (14 species; Figure 2 ).
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Dominant Species of Benthic Diatoms and Their Distribution
There were seven dominant species of benthic diatoms in the Ying River (Table 1) , Nitzschia inconspicua, Achnanthidium minutissimum, Navicula aitchelbee and Nitzschia palea with a dominance of 0.05, followed by Cyclotella meneghiniana, Navicula submuralis and Mayamaea atomus. As shown in Figure 3 , Arcgis revealed that these species were distributed throughout the water system, but they differed among samples and regions. Specifically, Nitzschia inconspicua was dominant in the Shaying River, while Achnanthidium minutissimum dominated in the Sha River and its tributaries. Moreover, the sampling sites in which Navicula aitchelbee was dominant were scattered, being present mainly in the middle and lower reaches of the Sha River and throughout the Jialu River, as well as in some parts of the Shaying River. Nitzschia palea was relatively concentrated in the middle and upper reaches of the Ying River. Navicula aitchelbee and Cyclotella meneghiniana were basically the same, mainly dominating in the Jialu River and being scattered in other sampling sites. The locations 
There were seven dominant species of benthic diatoms in the Ying River (Table 1) , Nitzschia inconspicua, Achnanthidium minutissimum, Navicula aitchelbee and Nitzschia palea with a dominance of 0.05, followed by Cyclotella meneghiniana, Navicula submuralis and Mayamaea atomus. As shown in Figure 3 , Arcgis revealed that these species were distributed throughout the water system, but they differed among samples and regions. Specifically, Nitzschia inconspicua was dominant in the Shaying River, while Achnanthidium minutissimum dominated in the Sha River and its tributaries. Moreover, the sampling sites in which Navicula aitchelbee was dominant were scattered, being present mainly in the middle and lower reaches of the Sha River and throughout the Jialu River, as well as in some parts of the Shaying River. Nitzschia palea was relatively concentrated in the middle and upper reaches of the Ying River. Navicula aitchelbee and Cyclotella meneghiniana were basically the same, mainly dominating in the Jialu River and being scattered in other sampling sites. The locations in which Navicula submuralis was dominant were relatively dispersed and less, the same as Mayamaea atomus.
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Distribution of Benthic Diatoms in Graded Rivers of the Ying River
The methods of Horton, Strahler, Shreve and Scheidegger are commonly used for river classification [40] . In the present study, the Strahlar method was adopted to divide the Ying River into five orders [41] . This method helps determine what types of life might be present in a waterway and is essential to the River Continuum Concept, which is a model used to determine the number and types of organisms present in streams of a given size (Figure 4 ).
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The methods of Horton, Strahler, Shreve and Scheidegger are commonly used for river classification [40] . In the present study, the Strahlar method was adopted to divide the Ying River into five orders [41] . This method helps determine what types of life might be present in a waterway and is essential to the River Continuum Concept, which is a model used to determine the number and types of organisms present in streams of a given size (Figure 4) . As shown in Figures 3 and 4 , Navicula submuralis (SP. 6) is relatively abundant in first order streams, while Achnanthidium minutissimum (SP. 2) is dominant in second order streams. Additionally, Navicula aitchelbee (SP. 3) is dominant in third order streams, while Nitzschia palea (SP. 4) and Cyclotella meneghiniana (SP. 5) are also present in high abundance. Finally, Mayamaea atomus (SP. 7) is dominant in fourth order streams and Nitzschia inconspicua (SP. 1) in fifth order streams.
Water velocity is an important environmental factor affecting the benthic diatom metacommunity structure [42] that plays a vital role in the distribution and diversity of diatoms in aquatic systems [43, 44] . The dominance of Achnanthidium minutissimum (SP. 2) in second order streams indicates that water velocity plays a major role in dominance within a given period of time, with larger diatoms tending to be replaced by smaller diatoms in high velocity rivers. These findings are in accordance with the finding that Achnanthidium species were suitable for growth in flowing water [45] and exerted strong anti-interference to wave disturbance [46] .
Distribution of Dominant Benthic Diatoms of the Ying River by Nutrients
Arcgis maps of total nitrogen, ammonia nitrogen and total phosphorus were made to visualize spatial differences ( As shown in Figures 3 and 4 , Navicula submuralis (SP. 6) is relatively abundant in first order streams, while Achnanthidium minutissimum (SP. 2) is dominant in second order streams. Additionally, Navicula aitchelbee (SP. 3) is dominant in third order streams, while Nitzschia palea (SP. 4) and Cyclotella meneghiniana (SP. 5) are also present in high abundance. Finally, Mayamaea atomus (SP. 7) is dominant in fourth order streams and Nitzschia inconspicua (SP. 1) in fifth order streams.
Arcgis maps of total nitrogen, ammonia nitrogen and total phosphorus were made to visualize spatial differences ( Figure 5 ). According to the distribution of nutrients of the Ying River, we divided it into three regions: Y-1, Shahe and its tributaries; Y-2, the upper reaches of Zhoukou and their tributaries as well as the Jialu River and its tributaries; Y-3, rivers below Zhoukou (also known as the Shaying River) and their tributaries. The nitrogen and phosphorus content in the regions was Y-2 > Y-3 > Y-1. Most samples in the Y-1 and Y-2 districts were collected from second and third order streams, while the main sampling sites in the Y-3 region were in fifth order streams. Of the seven dominant species of benthic diatoms detected in Y-1 (Table 2) , Achnanthidium minutissimum was present at levels much higher than others. Seven dominant species were detected in Y-2, with Navicula aitchelbee (Y = 0.11), Cyclotella meneghiniana (Y = 0.09), and Nitzschia palea (Y = 0.09) being present in the greatest dominance. In Y-3, there were five dominant species, of which Nitzschia inconspicua was the highest (Y = 0.31) and was present at much higher levels than the other species.
Nutrients in water comprise a key factor influencing diatom activity and growth rate, and the community structure of diatoms changes with variations in nutrients [47, 48] . As shown in the nutrient maps ( Figure 5 ), Achnanthidium minutissimum could grow in low nutrient environments, while Navicula aitchelbee, Cyclotella meneghiniana, and Nitzschia palea occurred in similar nutrient environments and Nitzschia inconspicua were adapted to high nutrient environments.
These results probably occurred because the second and third order streams flow through the village, causing more serious eutrophication than others. Moreover, competition between benthic diatoms is small, and it is difficult to form a single dominant species. The fourth and fifth order streams are mostly river habitats, and the flow is relatively static with high turbidity, which makes the exchange of nutrients slower and results in certain restrictions on the uptake of nutrients by algae. Most samples in the Y-1 and Y-2 districts were collected from second and third order streams, while the main sampling sites in the Y-3 region were in fifth order streams. Of the seven dominant species of benthic diatoms detected in Y-1 (Table 2) , Achnanthidium minutissimum was present at levels much higher than others. Seven dominant species were detected in Y-2, with Navicula aitchelbee (Y = 0.11), Cyclotella meneghiniana (Y = 0.09), and Nitzschia palea (Y = 0.09) being present in the greatest dominance. In Y-3, there were five dominant species, of which Nitzschia inconspicua was the highest (Y = 0.31) and was present at much higher levels than the other species.
These results probably occurred because the second and third order streams flow through the village, causing more serious eutrophication than others. Moreover, competition between benthic diatoms is small, and it is difficult to form a single dominant species. The fourth and fifth order streams are mostly river habitats, and the flow is relatively static with high turbidity, which makes the exchange of nutrients slower and results in certain restrictions on the uptake of nutrients by algae. 
Distribution of Dominant Benthic Diatoms of the Ying River by Diatom Indices
The Arcgis maps of diatom index SPI and GDI were also made to identify spatial differences ( Figure 6 ). Based on the distribution of index values of the Ying River (Table 3) Diatoms are recognized as powerful bioindicators of freshwater quality and various diatom indices are routinely used in European countries to monitor water quality in waterways. However, their use as indices is rare in China. We verified the indicative function of SPI and GDI for water quality to provide a basis for future studies. The results from the Arcgis (Figures 5 and 6 ) indicate that the SPI distribution is approximately the same as the nutrients distribution in the Ying River.
Diatoms include a great diversity of taxa, and researchers have been investigating simple and effective methods for their detection [49] . In our study, 370 species and varieties of diatoms were identified. Although it is costly and time-consuming, the SPI is more precise because it necessitates species-level identification. Because the GDI is based on the genus level, its results are not suitable for some investigations [26] . Diatoms are recognized as powerful bioindicators of freshwater quality and various diatom indices are routinely used in European countries to monitor water quality in waterways. However, their use as indices is rare in China. We verified the indicative function of SPI and GDI for water quality to provide a basis for future studies. The results from the Arcgis (Figures 5 and 6 ) indicate that the SPI distribution is approximately the same as the nutrients distribution in the Ying River.
Diatoms include a great diversity of taxa, and researchers have been investigating simple and effective methods for their detection [49] . In our study, 370 species and varieties of diatoms were identified. Although it is costly and time-consuming, the SPI is more precise because it necessitates species-level identification. Because the GDI is based on the genus level, its results are not suitable for some investigations [26] . Table 4 .
The physicochemical parameters of the Ying River changed greatly. Several physical and chemical factors were also especially high, such as Turb, COD, and NH 3 -N. Therefore, the ecological status of the Ying River was diverse. 
Pearson's Correlation Analysis
Pearson's correlation analysis was conducted to analyze the correlation between the environmental parameters with dominant benthic diatoms and the diatom indices (SPI, GDI) ( Table 5 ).
The results showed that there was a significant negative correlation between Nitzschia inconspicua and Velocity, while there was a significant positive correlation with Sal. Achnanthidium minutissimum and Cond, Sal, TN, and TP showed a significant negative correlation, a significant negative correlation with NH 3 -N and TN/TP, and a significant positive correlation with pH and WT. There was a significant positive correlation between Navicula aitchelbee and Velocity, Cond, Sal, Turb, TSS, and TN, as well as a significant positive correlation with NH 3 -N and TN/TP and a significant negative correlation with WT. Moreover, a significant positive correlation between Nitzschia palea and Cond, Sal, TN, TP, and NH 3 -N was observed, as was a significant positive correlation with Velocity, Turb, and TSS and a significant negative correlation with WT. There was a significant positive correlation between Cyclotella meneghiniana and Cond, Sal, TN, NH 3 -N, as well as a significant positive correlation with Velocity and TP, while there was a significant negative correlation with WT. In addition, Navicula submuralis and Mayamaea atomus showed no significant correlation with these factors.
Both SPI and GDI showed a significant negative correlation with Cond, Sal, Turb, TSS, TN and TP. Furthermore, there was a significant negative correlation between SPI and NH 3 -N (P < 0.01), while GDI showed a significant negative correlation with this factor (P < 0.05). Additionally, SPI showed a significant positive correlation with WT (P < 0.01), while GDI was positively significant correlated with WT (P < 0.05). Finally pH and TN/TP showed a significant positive correlation and a significant negative correlation, respectively, with SPI, while GDI showed no significant relationship with these factors. These findings confirm that the SPI was more sensitive and suitable for assessment of water quality in the Ying River than the GDI.
Pearson's correlation analysis indicated that there was a significant correlation between Cond, Sal, WT, TN, TP, and NH 3 -N and several dominant species and diatom indices. Specifically, there was a significant positive correlation between Navicula aitchelbee, Nitzschia palea, and Cyclotella meneghiniana with Velocity, Cond, Sal, TN, and NH 3 -N, while WT showed a significant negative correlation with them. These findings indicated that the three species underwent the same environmental selection to form a competitive relationship. Conversely, Achnanthidium minutissimum was significantly negatively correlated with Cond, Sal, TN, TP NH 3 -N, and TN/TP, but positively correlated with pH and WT. factors. These findings confirm that the SPI was more sensitive and suitable for assessment of water quality in the Ying River than the GDI.
Pearson's correlation analysis indicated that there was a significant correlation between Cond, Sal, WT, TN, TP, and NH3-N and several dominant species and diatom indices. Specifically, there was a significant positive correlation between Navicula aitchelbee, Nitzschia palea, and Cyclotella meneghiniana with Velocity, Cond, Sal, TN, and NH3-N, while WT showed a significant negative correlation with them. These findings indicated that the three species underwent the same environmental selection to form a competitive relationship. Conversely, Achnanthidium minutissimum was significantly negatively correlated with Cond, Sal, TN, TP NH3-N, and TN/TP, but positively correlated with pH and WT. [50, 51] . A two-dimensional ordination map was generated using the dominant species of diatom and their influencing factors in the Ying River (Figure 7 ). In the CCA ordination diagram, each division factor was represented by arrows. Arrows at the quadrant show the positive and negative relationship between environmental factors and axes, with the length of the arrow and the size of the plots representing the correlation factor. In these charts, a longer line is associated with greater correlation, and vice versa. The angle between the line and the sorting axis indicates that the size of the function partitioning factor is related to the sorting axis, with a smaller angle indicating a greater correlation. [50, 51] . A two-dimensional ordination map was generated using the dominant species of diatom and their influencing factors in the Ying River (Figure 7 ). In the CCA ordination diagram, each division factor was represented by arrows. Arrows at the quadrant show the positive and negative relationship between environmental factors and axes, with the length of the arrow and the size of the plots representing the correlation factor. In these charts, a longer line is associated with greater correlation, and vice versa. The angle between the line and the sorting axis indicates that the size of the function partitioning factor is related to the sorting axis, with a smaller angle indicating a greater correlation. As shown in Figure 7 , the distribution of dominant benthic diatom species was influenced by environmental factors such as Cond, Sal, TN, NH3-N, pH, and WT. The pH value was the largest positive correlation with the first sort axis, and the Sal was the largest negative correlation with the first sort axis, followed by TN and Cond. The length of arrows in the figure revealed that Cond, Sal, TN, NH3-N and pH value were the main environmental factors affecting the distribution of benthic diatoms in the Ying River. In addition, the arrow length of COD was shortest, indicating there was little relationship between species and COD.
The first quadrant contained SP. 6 (Navicula submuralis) and SP. 7 (Mayamaea atomus). SP. 6 was largely affected by low conductivity, nutrient and salinity. The position of SP.7 indicated it had a special selection for the environment, which needed further data validation. The species in the second quadrant, SP. 1 (Nitzschia inconspicua), was influenced by high conductivity, salinity and nutrients. Species located in the third quadrant included SP. 3 (Navicula aitchelbee), SP. 4 (Nitzschia palea) and SP. 5 (Cyclotella meneghiniana), which had the similar environmental selection and easily co-existed in high nutrient, high nitrogen phosphorus ratio, high turbidity and high velocity water. These findings were concordant with those shown in Figure 5 . However, more data is necessary to identify the influence factors of SP.2 (Achnanthidium, minutissimum), located in the fourth quadrant.
Conclusions
The indication of the five dominant species was clear, and the following two were particularly obvious. Nitzschia inconspicua, which was the absolute dominant species in region Y-3, lived in polluted water and was found to be negatively correlated with Velocity and positively correlated with Sal; accordingly, it is an indicator species for high concentrations of total phosphorus pollution. Achnanthidium minutissimum was the absolute dominant species in region Y-1. This species prefers clean water and was significantly negatively correlated with Cond, Sal, TN, TP NH3-N, and TN/TP, while it was positively correlated with pH and WT. This organism is a low-nutrition indicator that has a strong anti-interference to wave disturbance [46] . Navicula aitchelbee, Nitzschia palea and Cyclotella meneghiniana are positively correlated with Velocity, Cond, Sal, TN and NH3-N and negatively correlated with WT. These three species are eutrophic indicators found in the same environment.
The river classification was closely related to the status of nutrients and the distribution of dominant species. The fifth order rivers in the Y-3 region are mostly great river habitats with slow flow, high salinity, high turbidity and heavy nutrients. The first and second order rivers in the Y-1 As shown in Figure 7 , the distribution of dominant benthic diatom species was influenced by environmental factors such as Cond, Sal, TN, NH 3 -N, pH, and WT. The pH value was the largest positive correlation with the first sort axis, and the Sal was the largest negative correlation with the first sort axis, followed by TN and Cond. The length of arrows in the figure revealed that Cond, Sal, TN, NH 3 -N and pH value were the main environmental factors affecting the distribution of benthic diatoms in the Ying River. In addition, the arrow length of COD was shortest, indicating there was little relationship between species and COD.
The indication of the five dominant species was clear, and the following two were particularly obvious. Nitzschia inconspicua, which was the absolute dominant species in region Y-3, lived in polluted water and was found to be negatively correlated with Velocity and positively correlated with Sal; accordingly, it is an indicator species for high concentrations of total phosphorus pollution. Achnanthidium minutissimum was the absolute dominant species in region Y-1. This species prefers clean water and was significantly negatively correlated with Cond, Sal, TN, TP NH 3 -N, and TN/TP, while it was positively correlated with pH and WT. This organism is a low-nutrition indicator that has a strong anti-interference to wave disturbance [46] . Navicula aitchelbee, Nitzschia palea and Cyclotella meneghiniana are positively correlated with Velocity, Cond, Sal, TN and NH 3 -N and negatively correlated with WT. These three species are eutrophic indicators found in the same environment.
The river classification was closely related to the status of nutrients and the distribution of dominant species. The fifth order rivers in the Y-3 region are mostly great river habitats with slow flow, high salinity, high turbidity and heavy nutrients. The first and second order rivers in the Y-1 region are habitats with fast flow, low turbidity and low nutrients. The second and third order rivers, which are all in the Y-2 region, consisted of high nutrition and low water temperature habitats. The second and third order rivers flow through the village; therefore, nutrition is more abundant in these rivers than the first, fourth and fifth order rivers. The competition between benthic diatoms is relatively small, and it is difficult to form a single dominant species; however, several species were co-dominant.
The results of this study support the use of diatom indices, especially the SPI, to monitor rivers such as the Ying River in China. Although it is complex, the SPI is more precise because it necessitates species-level identification. Conversely, the GDI provides genus level results and therefore is not suitable for the Ying River.
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